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DONALD v. BELSITO, M.D., RUDOLF L. BAER, M.D., IRMA GIGLI, M.D., AND 
G. JEANETTE THORBECKE, M.D., PH .D. 
D epartments of Dermatology (DVB, RLB) and Pathology (GJT), New Yorh University Medical Center, New York, N ew York, and Div~~ion of 
Dermatology (!G), University of Cali(arnia, San Diego, California, U. S.A . 
The combined effect of topical glucocorticoids and 
ultraviolet B (UVB) irradiation on ATPase ... epidermal 
Langerhans cells in vivo was investigated in the guinea 
pig model. Glucocorticoids did not significantly enhance 
the response to UVB radiation, in the dosage range from 
90- 550 mJ/cm" of UVB, suggesting that both agents 
were acting in a similar fashion . The solvent ethanol, 
however, potentiated the effect of UVB exposure due, 
at least in part, to increased penetration of the UVB into 
the epidermis. The recovery of ATPase ... Langerhans 
cells was significantly slower after high (>165 mJ/cm2 ) 
than after more moderate doses (90-145 mJ/cm2 ) of 
UVB radiation. 
Both topically applied glucocorticoids [1] and ultraviolet B 
(UVB) irradiat ion [2] have been shown to diminish t he loca l 
density of epidermal Langerhans cells (LC) w hich stain for cell 
m embrane ATPase activity and Ia antigen. The m echanism(s) 
of action of these two agents remains unknown, a lthough the 
a vailable evidence suggests that they modify ce ll surface fea -
tures rather than cause cell death [ 1- 4]. It was, therefore, of 
interest to evaluate the combined effect of a topica l glucocor-
t icoid and of UVB on epidermal LC density. In the present 
study, we used staining for cell membrane ATPase activity to 
investigate, on guinea pig epidermis, whether prior or concom -
it ant treatment with a potent topical glucocorticoid would have 
a synergistic or additive effec t on the decline in detectable LC 
produced by UVB radiation . 
It will be shown that, in the dosage range from 90- 550 mJ / 
cm 2 of UVB, glucocorticoids do not s ignificantly add to the 
re sponse to UVB radiation. The solvent ethanol did, however, 
pot entiate the effect of UVB exposure by enhancing the pe n e -
t ration of UVB into the skin . 
MATERIALS AND METHODS 
Animals 
Out bred Hartley stra in guinea pigs (Camm Research Lab Animals, 
Wayn e, New J ersey) were used throughout the e)(perimen ts . 
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Abbre viations: 
BD-ETOH: 0.5% bet.a rnet.hasone d ipropionate in 95% etha nol 
ETOH: 95% ethanol 
IL-l: in te rleuk in-1 
L C: Langerhans cell(s) 
P G E 2: prostaglandin E2 
U VB: ultraviolet B (290-320 nm) 
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Topical Glucocorticoid a.nd U VB Treatments 
Two 4-cm2 areas, 2 em apart , were mapped out on the dorsal surface 
of each guinea pig. One of these areas was trea ted twice daily for 14 
days with 0.1 ml of a 0.5% solution of betamethasone dipropionate 
(Schering Corporation, l<ennelworth, New J ersey) in absolu te ethanol 
(BD-ETOH) ; the other a rea was similarly trea ted wi th etha nol alone 
(ETOH). Seven or 14 days after the start of these topical applications, 
t he dorsal surface of all animals was e)(posed to UVB radiation. Groups 
of 3 animals received a single dose of 90, 110, 130, 145, 165, 185, or 550 
mJ / cm2. Three-millimeter punch biopsies were taken on all animals 
prior t.o the glucocorticoid treatments, prior to UVB administration, l , 
2, 4, 7, 10, 14, 17, 21, 24, a nd 28 days after U VB exposure, and weekly 
thereafter until normal LC density had become reestablished. At the 
time of each biopsy, guinea pigs were shaved with an electric clipper 
and the remaining hair was removed with Neet (Whitehall Laborato-
ries, Inc, New York). Other cont rols included groups of 3 animals 
treated wi t h BD-ETOH or ETOH alone (or 14 days or exposed only to 
each of the varying doses of UVB ment ioned above. 
Light. Microscopic Enumeration of LC 
The biopsy specimens were immersed in 1 M NaBR for 2 h at room 
temperature. The epidermal sheets were then easily separated from t he 
underlying dermis. The epidermis was fixed in 5% neut ral formalin at 
20"C for 20 min and sta ined for ATPase activity as described by Wolff 
and Winkelmann [5). Sta ined specimens were a llowed to air dry (der-
mal s ide up) on coverslips and were then mounted with Permount. 
(Fisher Scientific Company, Pittsburgh, Pennsylvania ). The density of 
LC was determined in 1 central and 4 peripheral a reas of each epidermal 
sheet using a light. microscope with a calibra ted eyepiece (Zeiss Kpl W 
125 x 20, Carl Zeiss, Inc., New York). Areas about the hair follicles 
were excluded. The reported LC density for each sheet represents the 
average of the 5 counts ± SE per mm2 of skin surface. Data poin ts for 
groups of 3 animals represent the mean of each animal's average LC 
density ± SE. 
Light Source 
A bank of4 FS-40 tubes (Westinghouse Electric Corporation Bloom-
fie ld , New J ersey) emitting photons over the range 275- 375 'nm and 
beyond, and with a peak output at: 300- 320 nm , was the UVB source. 
Us ing an IL 700 research radiometer (In te rnational Light, Inc. , New-
buryport, Massachusetts), SEE 240 sensor wit h a W586 diffuser and 
UVB G3 filter (half-power points: 275 nm and 303 nm) and measuring 
at a 15-cm distance, we determined the UVB output from this source 
to be 18.4 mJ /cm2/ min . With a WB 365 fil ter (half-power points: 330 
nm and 390 nm) and a windowglass screen , UVA output from this light 
source was 11.4 mJ /cm2/ min. 
Epidermal Thiclmess and Tran smission of U VB 
Three guinea pigs were trea ted with ETOH twice da ily for 14 days 
to a 5 X 5 em area on one- half of their dorsal surface; a 5 x 5 em area 
on the contralateral side served as an untreated control. On day 14 , 
each animal was sacrificed, the ETOH-treated and untreated squa res 
were surgically removed, and epidermal sheets were prepared. The 
thickness of each epidermal sheet was measured in 1 cent ral and 4 
peripheral a reas us ing an engineer's micrometer (Mitutoyo Mfg. Co., 
Ltd. , J apan) whi le the samples were floating in wate r. Transmiss ion of 
UVB through each sa mple was determined by placing the sheets, which 
had been blotted dry with li lte r paper, on a Styrofoa m board. The 
sheets were placed such t hat. t hey totally covered the SEE 240 sensor 
which had been moun ted in t.he Styrofoam. The Styrofoa m board with 
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appropriately mounted sheets was then placed 15 em from the UVB 
radiation source and transmission through each epidermal sample was 
reco rded. The data on epidermal thickness and UVB transmission 
represent the mean ± SE of the individual readings for the ETOH-
t reated and untreated samples. 
Statistics 
Signi(lcance of differences among groups was calculated using Stu-
dent 's t-test. 
RESULTS 
As previously reported [1], treatment with 0.5% BD-ETOH 
produced a gradual decline in ATPase+ L C density which 
reached its nadir by the 7t h to lOth day of treatment. When 
topical t reat ments were di scontinued, LC density returned to 
control levels wit hin 7 days. Treatment with ETOH had no 
effect (Fig 1) . 
UVB also decreased t he ATPase+ L C density . The percentage 
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FIG 1. Effect of glucocort icoids on epidermal LC. Three guinea pigs 
were locally t reated with 0.5% BD-ETOH (e -- - e) to one-half of 
their dorsal surface and ETOH alone (0------0) to the other half 
twice daily for 14 days (days 0- 13). Thereafte r, the animals were 
allowed to recover. Three- millimeter punch biopsies were obtained 
from both sites on the indicated days and epidermal sheets were 
prepared and stained for ATPase activi ty. Data points represent the 
mean ± SE for all 3 animals. 
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decrease appeared to correlate with the dose of UVB (Fig 2). 
In contrast to topical BD-ETOH treatment, the observed dec-
rement in cell density was associated with morphologic alt era-
tions in the LC in the form of uneven cell staining and retrac-
tion a nd/or disappearance of the dendritic processes. These 
changes were noted within 24 h of UVB irradiation and lasted 
for up to 5 days . At all dosages, the decline was most marked 
between days 2 and 7 with gradual recovery thereafter. In all 
animals, control levels were reestablished by day 21. 
When UVB, 90- 145 mJ/cm2 , was administered on either day 
7 or 14 during treatments with the topical steroid, no further 
decline in LC density was observed. Furthermore, the decline 
in LC density in the ETOH-pretreated controls exposed to 90-
145 mJ/cm2 of UVB was equivalent to that induced by the 
glucocort icoid alone (Table I, and Fig 3 vs Fig 1) , although it 
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FIG 2. Effect of UVB on epidermal LC. Groups of 3 guinea pigs 
were exposed on their dorsal surface to either 90 (0------0), 185 
(6 -- - 6) , or 550 mJ/cm2 (e- - - •) UVB on day 0. Three-millimeter 
punch biopsies were obtained from the irradiated site on the indicated 
days and epidermal sheets were prepared and stained for ATPase 
activi ty. Data points represent the mean ± SE for all 3 animals in a 
given group. 
TABLE I. Effect of glucocorticoids and UVB on epidermal ATPase (+} Langerhans cells 
UVB Treatment" 
Dose (m.l /cm2) Day 
0 7 
90 7 
110 7 
130 7 
145 7 
185 7 
550 7 
0 14 
90 14 
110 14 
130 14 
145 14 
185 14 
550 14 
Percent maximal dec rease ± SE 
in animals treated with: 
0.5% BD-ET OH • + UVB ETOH• + UVB 
45 ± 5 0 
40 ± 4 40 ± 4 
46 ± 4 44 ± 1 
54± 0 56± 1 
54± 4 49 ± 1 
66 ± 1 65 ± 2 
81 ± 4 75 ± 1 
50± 4 0 
51± 0 53 ± 1 
56 ± 11 48 ± 2 
52± 6 46 ± 5 
61 ± 0 60 ± 3 
76 ± 5 66 ± 3 
72 ± 4 65 ± 2 
Recovery t ime (days) ± SE 
following UVB-exposure 
0.5% BD-ETOH + UVB ETOH + UVB 
7±0 
14 ± 0 14 ± 0 
17 ± 0 17 ± 0 
17 ± 0 17 ± 0 
17 ± 0 16 ± 2 
46/ 60< 46/60< 
53 ± 7 53 ± 0 
7±0 
10 ± 0 12 ± 2 
13 ± 4 12 ± 2 
14 ± 0 14 ± 0 
24 ± 0 21 ± 0 
32 ± 0 32 ± 4 
53 ± 7 53 ± 0 
" Topical 0.5% betamethasone dipropionate in ETOH (BD-.ETOH ) or E'T'OH alone was applied to one-half of the back of each animal twice 
daily beginning on day 0 and concluding on day 13. UVB at the specified dose was administered to both areas in each of a group of 3 animals 
afte r either 7 or 14 days of topical t reatment as indicated. Animals not receiving topical t reatment had a maximal dose-dependent decrease in 
LC density ranging from 24 ± 0% at 90 mJ/cm2 to 62 ± 4% at 550 mJ/cm2 of UVB (see Fig 2). Recovery times for all doses of UVB from 90-
550 mJ/cm2 averaged 17.7 ± 1.0 days. 
" p BD-ETOH vs ETOH > 0.1 5 in all cases. 
' One animal died in this group. Recovery t imes given are for each of the remaining 2 animals. 
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FIG 3 . Effect of glucocorticoids and low-dose UVB on epidermal 
LC. Groups of 3 guinea pigs were locally treated with 0.5% BD-ETOH 
(e-- - e) to one- half of their dorsa l surface and ETOH alone 
(0 0) to the other half twice daily for 14 days (days 0- 13). On 
either day 7 (A) or 14 (B) after the start of steroid applications, a ll 
animals were irradiated with 90 mJ/cm2 of UVB. Three-millimeter 
punch biopsies were obtained from both sites on the indicated days 
and epidermal sheets were prepared and stained for ATPase activity. 
Data points represent the mean± SE for all 3 animals in a given group. 
was significantly greater than that induced by UVB alone (Fig 
4A ). Thus, although UVB (90-145 mJ/cm2) or 0.5% BD-ETOH 
reduced ATPase+ LC density when used alone, the combination 
had no additive effect whatever. In addition, LC recovery 
following UVB in the range administered was similar for glu-
cocorticoid- and ETOH-treated controls and for animals who 
had not received topical treatments (Fig 2 vs Fig 3 and Fig 4A ). 
When 185 or 550 mJ/cm2 of UVB was administered on either 
day 7 or 14 during the topical steroid treatments, a significant 
(p < 0 .01) additional decrease in LC density was noted (Fig 5). 
Thus, UVB (185- 550 mJjcm2 ) plus BD-ETOH produced a 
much greater decline than the glucocorticoid alone (Table I and 
Fig 1 vs Fig 5). Again, the UVB-induced decrement in LC 
density in the ETOH-treated controls was equivalent to that 
observed in the steroid-treated group (Fig 5), alt hough it was 
greater than that achieved with UVB alone (Fig 4B). At this 
dosage, the rate of recovery of LC was markedly delayed in 
animals treated with topical BD-ETOH or ETOH in contrast 
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FIG 4. Effect of ETOH on UVB on epidermal LC. Groups of 3 
guinea pigs were locally treated with ETOH (0----0) to one-half of 
their dorsal surface twice daily for 2 weeks. The other half remained 
untreated (e-- - e) . On day 0, all animals were irradiated with either 
130 mJ/cm2 (A) or 185 mJ/cm2 (B) of UVB. Three-millimeter punch 
biopsies were obtained from both sites on the indicated days and 
epidermal sheets were prepared and stained for ATPase activity. Data 
points represent the mean ± SE for all 3 animals in a given group. 
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FIG 5. Effect of glucocorticoids and high-dose UVB on epidermal 
LC. Groups of 3 guinea pigs were locally t reated with 0.5% BD-ETOH 
(e-- - •) to one- half of their dorsal surface and ETOH alone 
(0----0) to t he other ha lf twice daily for 14 days (days 0-13). On 
either day 7 (A) or 14 (B) after the start of steroid applications, all 
animals were irradiated with 550 mJ /cm2 of UVB. Three-millimeter 
punch biopsies were obtained from both sites on the indicated days 
and epidermal sheets were prepared and stained for ATPase activity. 
Data points represent the mean ± SE for all 3 animals in a given group. 
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to animals who did not undergo topical treatments (Fig 4B). 
In all dosages, t he decline in ATPase+ LC density in t he BD-
ETOH- and ETOH-treated animals appeared to correlate with 
the amount of UVB administered (Table I) . However, the dose 
dependence was not as well defined as it was in an imals who 
received no topical treatments (Fig 2). 
The time necessary for LC to return to control levels after 
UVB exposu re in combination with BD-ETOH or ETOH did 
not always significantly co rrelate with the dose of UVB (Table 
1). However, t here was a statistically significant (p < 0.001) 
difference between the recovery times of epidermis exposed to 
doses of UVB at or below 145 mJ/cm2 (mean recovery t ime 
15.0 ± 1.0 day, range 10-24 days) and of ep idermis exposed to 
a dose greater t han 185 mJ/cm2 (mean recovery t ime 48.6 ± 
4.0, range 32- 60 days). Finally, in the range of 145- 185 mJ/ 
cm2, UVB in combination with BD-ETOH or ETOH gave 
erratic results; the recovery t ime varied between eit her the 
shorter or the longer intervals rather than falling between them 
(data not shown). 
We eva luated the UVB-enhancing effect of ETOH on 3 
guinea pigs that were treated with ETOH as described in 
Materials and Methods. On day 14, the animals were sacrificed 
and the ETOH-treated area and the corresponding untreated 
skin on the contralateral side of each an imal were surgically 
removed. An epidermal sheet was prepared from each specimen 
and the th ickness of, and the penetration of UVB through, 
each sheet were measured. We found that, although ETOH did 
not significantly decrease mean epidermal thickness (79 ± 3 
!liD), transmission of UVB t hrough the ETOH-treated epider-
mis was increased approximately 6-fold: 4.1 ± 1.0 mJ/cm2/min 
on the ETOH-treated specimens vs 0.7 ± 0.1 mJ/cm2/min in 
the untreated contro l (p < 0.025). 
DISCUSSION 
The results show that, as previously reported [1). application 
twice daily of glucocorticoids produced a gradual decl ine in 
ATPase+ LC density. T his was maximal after 7- 10 days and 
was limited to the site of application. ETOH alone had no 
effect on LC density. After the topical glucocorticoid applica-
tions were discontinued, ATPase+ LC density returned to con-
trol levels with in 7 days. It appears likely that this steroid 
effect is, at least partly, due to alteration of cell surface markers 
and is not necessarily evidence of LC death or of LC migration 
out of the epidermis [3,4]. 
UVB has also been reported to produce a decline in ATPase+ 
LC density [2,6]. However, our experience, and that of others 
[6], is that the gu inea pig, unlike the mouse or human, is 
relatively resistant to the effects of UVB, and that at least 90 
mJ/cm2 must be given before a significant decrease in LC 
ATPase staining is noted. The present results demonstrate that 
there was a dose-dependent decline in ATPase+ LC between 
90- 550 mJ/cm" of UVB. Following a single administration of 
UVB, the LC recover~· rate appeared similar for all doses with 
a return to control levels after an average of 17.7 ± 1.0 days. 
When guinea pigs were treated with top ica l ETOH twice 
daily for 7- 14 days prior to UVB, the decline in ATPase+ LC 
was significantly increased above that induced by UVB alone. 
This was, at least partially, related to increased penetration of 
UVB radiation, the mechanism of which is not clear. Since 
there was no detectable difference in epidermal thickness be-
tween ETOH-treated and untreated specimens, it is unlikely 
that thickness was a factor. The possibili t ies that a subliminal 
damaging effect of ETOH on LC or a clinically undetectable 
low-grade irritant dermatitis allowed for the greater UVB effect 
are also unlikely since, when used alone, ETOH had no effect 
on LC density. One could hypothesize that an ETOH-induced 
decrease in ep idermal urocan ic acid (which is known to be 
present in stratum co rneum [7,8] and to be pa rtially soluble in 
ETOH [7], and which may function in epidermal photoprotec-
tion [8]) might play a role in the increased UVB penetrance 
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seen. Increased penetration of UVB could also be secondary to 
ETOH-related epidermal dehydration with resultant altera-
tions in the refl ectance of UVB due to changes in the epidermal 
water content. On the other hand, in view of the known 
contamination of our radiation with UV A, one could also spec-
ulate that the observed potentiation of the decline in ATPase+ 
LC by ETOH resu lted from its combination with UV A rather 
than with UVB. Additional studies evaluating these various 
possibilit ies are necessary. Nonetheless, t he enhancing effect 
of ETOH on the ep idermal penetration of UVB radiation could 
conceivably have practical implications with respect to t he vast 
array of topical preparations that contain ethanol (and possibly 
other alcohols as well). 
When 0.5% BD-ETOH was combined with UVB in doses 
ranging from 90-145 mJ/cm2 , t here was no addit ive effect 
beyond that produced by ETOH alone followed by UVB radia-
tion. Thus, t he steroid-responsive population of LC appears to 
be the same as that sensitive to UVB, 90- 145 mJ/cm2 • It 
t herefo re seems likely that both glucocorticoids and UVB act 
on LC in a similar fashion . This could either be a direct effect 
on LC cell surface components or could occur via an interme-
di ary substance. 
Although UVB is known to induce release of prostaglandin 
E" (PGEJ (9}, this is unlikely to mediate the effect of UVB on 
LC, since neit her topical nor parenteral administration of in-
domethacin significantly interferes with UVB-i nduced a ltera-
tions in LC, although it reduces UVB- induced erythema [6]. 
Furthermore, glucocorticoids inhibit prostaglandin synthesis 
[10], thus making a common mode of action for UVB and 
glucocorticoids via prostaglandins unlikely. 
A potential intermediary of the action of both glucocorticoids 
and UVB on LC is interleukin-1 (IL-l). Production ofiL-1 and 
Ia expression by murine macrophages has been reported to be 
inhibited by glucocorticoids [11] . Moreover, after epidermal LC 
have been exposed to UVB in vitro, t hey no longer present 
antigen effectively. This functional defect can be partially 
corrected by exogenous IL-l [12]. Finally, PGE2, known to be 
induced by UVB [9], has been reported to inhibit lymphokine 
production, although its exact mode of action is unclear [13]. 
It t herefore appears possible that both glucocort icoids and UVB 
act on epidermal LC by interfering with normal levels of IL-l 
production. T his possibility is supported by a number of facts. 
Although not measured in the present studies, it has been 
previously established that Ia ant igen expression and ATPase 
activity are similarly diminished on epidermal LC exposed to 
either glucocorticoids [1] or UVB [2]. Furthermore, Ia expres-
sion on macrophages is dependent on a circui t of Jymphokines 
including interferon-')' [14]. IL-l is an integral component in 
the sequence which leads to interferon-')' production [15]. It is 
therefore possible that the changes noted in Ia antigen expres-
sion and ATPase activity are modulated via a glucocorticoid 
and/or UVB-induced interference in IL-l production. 
When UVB in doses of 185 mJ/cm2 or more was administered 
in combination with top ical BD-ETOH or ETOH, an addi-
tional, long- lasting decrease in epidermal ATPase+ LC was 
observed. This decrease was in excess of that caused by BD-
ETOH alone and was the same in both BD-ETOH- and ETOH-
treated sites, ruling out the possibility that there might be 
synergism between the BD and UVB greater than 185 mJ/cm 2. 
This effect might be due, at least partially, to an augmented 
destruction of LC by UVB in this higher dose range. This 
hypothesis is suggested by the very long (32- 60 days) recovery 
time required for the number of ATPase+ LC to return to 
cont rol levels. This time corresponds to the turnover t ime 
reported in prev ious studies of donor bone marrow-derived 
epidermal LC in chimeric mice [16). 
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